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T u urr.7 Proteins of Pseudomonas syringae 

The HrpZ Pr ° te ' n J °' d tofnato Ar e Encoded by 

pvs. s V" n ^^So VeSnfa Tysc Homologs and Elicit 

JI'h^^^ in Tomato but not Soybean 

- u.. ana *Sheng Yang He* and Alan Collmer' 
Gail Preston,' Hsiou-Chen Huang. ■ NY 1 4853 U.S.A.; l Agricultural Biotechnology 

department of Plant Pathology ^^S^^^ 40227 R.O.C, 'Department of Plant 
Laboratories, Nat.ona ' f^^^ngton. KY 40546 U.SA. 

l^oSfe ("compatible") host. » nectotic lesion often de- 
X over . period of days, with necrosis sprradmg - «he 
Sa^nuUip* and the plant becomes diseased. On a reato- 
S or nonhoit plant, a localtacd cellular necxoMS » 
^hi„ 04 to 48 Iw and bacterial multiplication » inhibited. 
Tto was first reported by Klemenl (1963; Moment et .L 
iX), who observed that when high 

genie bacteria are infiltrated into an mcor^auble plart they 
S* a visible necrosis which is limited "^^^L^ 
This reaction, called the hypersensitive bp^W* 
X, localised cell death and production of ^-rmc«*ul 
^pounds at the site of pathogen invasion (Bona, ^VJto 
.K;iirw of P rvhntae and other nontumongeruc gtanv 

to, elicit the HR is 
Aro eenes Typical Hip" mutants are pleiotropically defect** 
l?pSn£ do noTelicit the HR iri nonhosts and they M 
o multiply and cause disease in host pUntt (Undgren etaL 
1986 V Clusters of hyj pm have b ee n idenufied .n many _ 
'j^aSST^v ^aftoEemc bactena (Bonas 1994). A 2*- 

^b ^ duster LtnRs. pv. yfltge. tf » f^Tln^rJS 

the tobacco HR phenotypc, but not the pa*°8«f c 
• on nonpathogenic bacteria (Huang 
have also been cloned and characterued """^"J" 1 ** 
nv phaseolicola NPS3121. P. wtonaceanim GM1000. »*• 

tovorn E»321 (Undgren et aL 1986; Boucher « aL 1987, 
Beeret^: 1991; Bonxs et aL 1991). Certain hrp genes« 
widely conserved among these pathogens, and several encode 
components of a protein secretion pathway *"U«rmUr» 
the type E pathway used by Ycrzima, Shigella,*** Sato*- 
nS fcspp. to secrete extracellular proteins involved u» aromal 
pangenesis (Van Gijsegem et jO. 1993). One «mq 
hrp -encoded secretion pathway in phytopathogemc tacttnau 
the secretion of proteinaceous eliciton of the HR, wludi are 

^T^^cSTilicitor chancy - ^ 
from £ -myWra (Wei et al. 1992). Similar euciton have 
s^ce been isolated from other bacteria, including P. s.J»-*r 
Hngae 61. R solcnnctarum CM11000. and S. chrysanthemt 

Vd.8. No. 5, 1S96/717 




- £L_*£-iSffl^ r th ° K .'^,m ORf was Wghly divergent: 

The amino aad "V 1 '™* % respectively, and 

and HrpAfJHrpAr* were^ 91 ana ^ 
n HrpA sequence shojrf «md.r^r to 

In contra th. P"*^'^!?,.^ iomaio, hrpB, 

hrpC, hrpV, ana A/p* These are coiineaiiy 

arranged gene, to ^^oTE. Yop virulence protein, 
are involved ^ d« secrtoo c f the Ysc pre- 

via the type III P»*~»* f ™ comparisons with the H I. 
telns wa, g.nti^ly s ro«E" 'ncomp ^ ^ 

pr. tom^ Hip proteins. The HrpZ pn. followed 

by ■•^•■^JSSowb. AU three HrpZ proteins 
tography, and gel dKtropnore»u eUdted 

elicited the HR in *~%££tL t^Z indicate that 
significant neerosu in soybean, liier^su 

« host rang - 
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. .i 1994- B»uer « aL t994) " 

^SL'Thc biological role « f ^ P rifie d proteins can Uv 
gcncs. inc determined, but tne p Howevet 

n °» » MnhoSt P ' aM Tie bSaSdon of the 

distinct classes f£j!ja&J«Jjj55J5gi 

-rS^^HaSSKT, aenes ln Terence to the hrp 

rfu^tt, varies in P V»J*™ ^Sfigaoui or within the M> 
Jmytovom. Arptf and J^^Xugh near) the «-Jj 
whereas pofA ou *| 19W ; H e et aL 1993; Arlat et 
tl^rum hip cluster (W« _et of ^ e Ucitor gene 



In pwy ious wo* Z ^^^t^ 

genefromP^P^n^ an^^anobtou that other 
demonstnurf wt* S u^ano of ^ gene (He et 

pathovars of P. JT^VDOthesis that HrpZ represents 
\l 1993). This supported ^ n n ^Xoathogenic7trains of P. 

, family t tM ^£^»™™^™*» otl ^ 
^^^f^portant pathovars of ft £ 
from two other e *^""~~7p ^ pv. *r/riiieo. Examining 
ringae-fi * P v - """^ * JLwdui to look within 

toZ from these three pathoyars „ d activity 

S2 family f.**- * JfE * ^SSmin-don. to 
which could indicate a J nanl dng hrpZ in P. 

addition, we ^'ffj^^lnd the enure hrpZ op- 
j. pv. jyrin«« and P. *• P* j f l j~""L ^ „ accompanying 
eronof P. s. ^--^KS^ sequence of the 
paper (Huang et aL 1995). UUs< and pro- 
P. r P v. syringoe 61 fc£l downstream of fcrpZ. 

J5£K S£Spi - V - ^ 

toned (Collmeretri. 1994V 




the Hrp phenotype. and ™ u ™' complementation studies 

TJX contrast ^Tp Tv^t^ 61 ta *SS 
o7*e Arp cluster from P. * hrp gene -thin 

that hrpZ lies upstream ol> U • lW2) 
a„ operon (Huang et hatpins have been 

In E- «mytovo« ^InVand necessary to elicit the HR. 
demonstrated to be «»J^J wnl b as shown that harpin* 
" d muU don of hrpN in * . 1992 ). However h»pN 

* u £ts of E ^^eS wnich suggests 
significantly reduced diesis (Bauer et aL 1995). 

t*eudomonads such « ^^toe activity of HrpZt. "* 
it is difficult to ™ au$e , cg «mes and n> 

JJ. in host -^J^p^^ta,- 61 and E. W 
So- Plants, the hos« of • ^ to prcparauo« of 

toyoro Ea321. XjfV^i et aL 1992; He et «1. 1993). 

«?of these ellcitor P roU "^^ a ppe ar to act in a hort- 
SpAi P. ^'^"aTHiTn rEam ttnes of pewm. 
s^cific manner, inducing ™ ^"^epdble Unes of pe- 
ffthe nonhost lol-e-. ' J« «J '^rype U similar 

^nia or tomato (^^pM U todJ« from 
to that of genes. b^PopAl u^ resistant plana. 

proteins * W» ?' f £ 

karpinw elicits •»J^J , J , |he othe r three bactena £ cfcry- 
„n*«m!. but in cootfast tome ^ ^ ^ 0 f 

^hemi is a "jJfjSAv. of eUcitor acuvity in a 



RESULTS 

We previously used Southern WO" romato 

that both P- «■ PV- * lyC ™°^*ZL a 0.75 kb B*tW 
DC3000 conuin ^^£™p°f " synnga* (He et *L 
intcroal f^^^^'to Jree^getfonnc libraries 
1993). The same P™bewas usea to ^ libraries were 
of P. *• P^ «'^ fl ^* J!" fn^ntog g- to t2-kb frag- 
constructed in E. coU DH5o J^r5«e««te DNA into the 
ments from » ^^s^een Sdfied two pl«mid. 
flomHl site or pUCP19. Tne sciccu (R pv . »- 

with inserts of app^tely 10 Wb^ g^J.^ 
m. W ) and ^^^^S of pCPP2X01 «d 
fragment^as used to P^^Sou^^ ^ PxfL Tte probe 

PCPP0200 % ^ 

idenUfied two ^J!^ n ~^ veW( F 1 g.lVTneCAVoPifI 
pCPPnOl and pCPm00 r«p«Uv£y V« # Bluescfio t U 
^grr.-.«3 were cloned «Jd P*fl D ^ a „ create 
SKH t S ^^^SpCTP2MS;with the inserts to both 
^ P ^ diP Tr^ to ^c promotec Cell lys««of 
. orientations with respect to ^ (hrvZ„ In the vector 
E. cali DH5o contanung P^^ m ^ vector 

promoter orienunon) ^ oTtotacco. but tho« 

promoter orientation) ta the opposite ort- 

from cells conuumng Pf*^^1pCFP22Q4 (hrp^J? 
cnution of ^ vector Pron^0jr.d p ^ 

the opposite onentabon of tne v*™"^ . vsale for 10 mm mt 
aTuvSw* retained ^^^^^Cccntrifugafion. 
100X and re ^ n , g ^!^^ u TSar^eriitic feature of 
InsensitivUy to p^^ins in the lysaw were 

previously isolated HR =^^1^ , transferred to an 
Lparated on an SDS-r^lyacryWde 8^ antibodies 

Jmobilon-P ^^l^^reSng protein, of*, 
raised against P""^^ gSved end provisionally 
similar size to HrpZ,- were oo 
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i . M.te to the distance or the rloned 
ft* "P^^J^otd-H^. and HrpZ^ drf 
gene from the lac P|°?°^°' dbodie i A band cotttspond- 
„ot hybridize singly » ^ J«^ ^ ^ on * 

ing to HtpZ*. S'fJ^c bands for HrpZ^ and HrpZ^ 
C massie-suined 1 gel, but w ^ n ^ , pn . 

W «e indistinct, ^^21. to an attempt to improve the 
mary reason for ^JJ^ ^ifr. we subclone* EcoWr 
level f«P« sionofH ^i^Y„i«S from pCPP2201 and 

PCPP2203 beh,nd £E pCPP*** and pCPP2207. 
BL21CDE3) to create the pusnu 
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Tbe T7 promoter enabled a moderate improvement in proton 
cpressi n (Fig. 2, lanes 3 and 5). 

A common arrangemtnt of ORFs in the fcrp Z operons or Jt 
x. pv. syringat, P. u V sW»"> R *' tomato 
vealed by DN A sequence analysis. 

pSioosly. «* ddcnnincd the complete nucleotide se- 
huence of hrpZfrom**. pv. Jyri^oe by sequencing a l.4-kb 
quencewn^ containing the enure hrp 

^ Ln! pfpV (He et al. X993). In addition. 

S» of^ ^ "* 



/>. s. pv. syringae 

PSS B SaBx 



BxP EV 
11 L 



ASI P 



S P 



3ZLZ 



hrpRS hrpA 



hrpZ hroB hrpC hrpD hrf hrpFGH^ 



s« pSYHIO ^ 




fpCPP2305f 



p.s. pv. gfycinea 

P SB 




pp 




Sa 



P pCPP2? Q2/4/6 i 
s p CPP2208 



B pr.PP22lO P i 
P CPP225S_ 



P.s. pv. tomato 

PB 




/upS 



„^ Aq* hrpB hrpC hrpD hrpE hrp^ 




iCPP2201 

r rPP2 203/5/7 r i 
= r i-> P PQ9O9/oCPP2304_ 



s 



b r npP221 1 * 



1kb 
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a Tn5.*ujAl mutagenesis 



puttWe ribosome b»n*ngs,«£ ^ colon she™ 

•.. >n P j pv. lomaw « ^.h- ORF in P. *• P v - j y nn 



^/-pro-terco^ 

^ conserved scj^ C™^ of hrpA m ^ three 

lies 50 bp »P«»£r»3ftai been identified in the pro- 
pathovars (Fig- 3)- ™" ^L^^w (tones « al. 1993; 
Ur region, of mar* ovr ^^ nvolv ed in positive 
Shen and Keen 199 ^ factor which 

regulation by HrpL, » P u ^iw HreR and HrpS (Xiao and 
u itself positively regulated by HrpK. T^nily of alternative 

sigma factors, many of wfcch«m environmen ul stimuli 
tracelluUr factors m of this promoter motif 

CLonetto et al. 1992). ™ e P^™* A OR p s form a stn- 
• S5h„ supports the «i»j££Ji. a hr^ependenl 

manner. This moUf can also *J™a^ tomat0 . as indi- 
of hrpFGH in R *• P* 0£"«« « d * * * that the latter 

unit in these wo pathovan. 



Con.p.ris.n of »e HrpZ pmulns .f U«. 

P. syring" P** eV *^ wnuences for HrpZ from each or 
The predicted amino acid seque 4 Aiihough the 

the three pathovan are aligned • SDS potyeety- 
lng DNA » - r - - feinding sites. ioe — ^ ^tein. migrate slightly "it* mrtecular 

clL potendal "^cmc b.nfl * R ^ pv . butthe P^ geU ^ relauvesr^o^ ^ be- 

putative ribosome b»nd»«» ^ initiation codon shown correspond to the P«°»»~ - 6 ^ followed by 

sUe in P. Pv- ,S ^. wi* the ORF in P. *• P* largest of the three V*^&*^ ^no-terminal 

"« 1 Hv aliment with ^ etefnent$ .ng^ 0 53 KDa) and HrpZ^ Jg^i ^d HrpZ^ 



kD 

41.8 ' 
30.6 

17.8 



1 2 3 4 5 6 7 



nnu-HrpZ« »^^~7 ohoip hatase. Lanes. l « fc - u BL2t(DE3) 
720/ Mo.^ui a ^"- Mterobeln,6raCtiOnS 



colt 



HrpZ*,, <■"->*"-'.-: ■ l5 residues of punneu 
sequencing of the first JO to» re, codons of both 

and HrpZ,. conf.rrr^*eprea« codon of HxpZ^, as 
proteins, which aligned w»A ^ * cxpreM ed in E. cob 
shown in Figures 3 and 4. ^P™^^ from the super- 

in P. jynngoe but not in E. co*. Wghly con- 

m rS amino acid "J-"* "ffiS »nularity and 
served with respect to "^^j^tith .respect tp .jhe.rwo 
,9* identity. HrpZ^u .less ««eryed id ^ dty „ 
other pmteins. wi* 75* «*» of HrpZ^, «d 

i„ e and tyros.i^HrpZ*. U ^ hydrop hobie signal _se- 
15.7* glycine. The P^ 1 ^ ^Jon via the Sec export 
quence used to ^V"^;!L^he amino acid sequence 
pathway (Pugsley W ^J2JSSS» secondary structure. 
U to identify ;St^S^2^ " 

^SSSA^ ^ afa5riy opcn ^ 

noted the presence of ^^/^conserved in the three 

one of these repeats. threordne in the 

proteiM-wim^subsur^on^fase^^ ^ { 

first repeat of bom *P^^ "^base search with .each 
these repeats, if W"™*"™^ ^gorithm (Altschul et 
of the three proteins using the bu« 
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syringae 
glycinea 
tomato 

syringae 
glycinea 
tomato 

syringae 
glycinea 
tomato 

syringae 
glycinea 
tomato 

syringae 
glycinea 
tomato 

syringae 
glycinea 
tomato 



■TTTTTTGCAG AAGATCTGGA 
i^TTTTGCA. GAGCGCTGGA 

ttttttgcaa agacgctgga 

TACCAAGCAA TTACGCTGGT 
TACCAAGCAA TTACGCTGGT 
TACCAAGCAA TCACGCTGGT 



ACCGATTCGC GGACACATGC CACCTAGCTG 
ACGGATTTAA GGGTCGTTAC CACTA.TCTG 
ACCGTATCGC AGGCTGCTGC CACTAGTGAG 

ACAGACGAAS GGGTATGACG 
ACAGACCAAG GGGTATCACG TT| 
AAATCTTAAG GGGCATCAAA TO* 



.--hrpA- 



--321bp- 
_-321bp- 
--336bp- 



— m 



ACGCCCCTTC 
ATGCCCCCAT 
ATTTCT GATTGCCCCC 




«^ssa ssassg SSS: 



-hrpZ 



-1020bp — 
-I032bp-- 
-1107bp-- 



syringae 
glycinea 
tomato 

syringae 
glycinea 
tomato 

syringae . 
glycinea 
tomato 

syringae 
tomato 

syringae 
tomato 

syringae 
tomato 

syringae 
tomato 

syringae 
tomato 



^^rcGACAA CCGCCTGACG GAGAAOTCAC ||| hrpB — 

CCGCCTGACG GAGA|CTCAC ^ »"P 

^g?GACAG CCGCCTGACfi G^GAACCAGT 



— 3€9bp-- 
--369bp-- 
--369bp-- 



g^AGGTTTC 
^GAGGT TCT 

^ "^j AC" it "^ 




hrpC- 



._ --eoibp — 

.- incomplete 
— 801bp 



ri^rCTGACCG CCGAGGACTA TTGGACTCAG 
ScS^Sg CCGAGGATCA CTGGA.TTCAC 



ssss ess ass'ssss'sssaas 

SSSS SSSS SSSS S3SS S3 



-brpP 3SK5bp--r--- ---- 

396bp--- 



«src~~».f. rraCTTCCTC TCTGCACCAG GAATTCTCCC 
''■W^ TCTGCATCAS S^TACGCCC H 



tomato 



~*-S SSSSs SffiJ 

■« Sffi SSSS SSSS SS5 
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ce rial l-ou***!* 4). This stretch of 24 amino 

gion f und only «n ^^"jL nuc le tide and amino acid 



solancctcrum. as shown at the bottom of Figure 4. TT«re js 
no^raU similarity of *e amino acid and nuclcoudc se- 
ouences of HrpZ to the HR elicitors characterued from E. 
Sm, Tchrysanthcmi, and P. nU^ctorum xoeptto. 
degree accounted for by their similar composition. 



HrpAPss - 
HrpAPSfl * 
HrpXP»t M v 



HrpAPsS [Tl 
HrpAPSO S I 
HrpAP»t I S V 



46 
46 

so 



II li b lp_Mt> 0iA[K| 



D V* 1 

DATQ *»* 



TDKKEALS Ml "[ 



* X " I It S r* l » 99" 5 LililoiK E US «1 _ 



RrpAP»t llfS 



Aft A TNAM'l 



108 
108 
113 



KrpZPss pTQ 
KrpZPsg |M Q 
HrpZFst 1M 





BrpZPSt S\G g L D E)tL5 ■ 



HrpZPsi I A D| 
HrpZPsg 
RrpZPst lAiG I 



HrpZPss 
HrpZPsfl 
HrpfcPSt 



HrpZPss 
HrpZPsg 
HxpZPst 

HrpZPss 
HrpZPsg 
RrpZPst 



ACSGSGVCG 



K I A OF MDDNPAUt P. 

it aGDfmddnpaq pp. 



HrpZPss 
HrpZPsg 
HrpZPst 



HrpZPsg 
HrpZPst 




.r s A S G T G O lOrDTTTT QVLMGLAKSHUw, 



SWVNEUBD 

S wTSlH E_L JC E D 



49 
50 
49 



99 
100 
99 



125 
136 
149 



114 

175 
199 



^.rrrpi. - tIg ggl GlrrnsTslFlllHrMl 



*- S S A A Q VJ 



HrpI 



■rpt 



222 
225 
244 



271 
275 
291 



341 
345 

370 
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of th conserved "•P*" r J? ™" smafl (n ^ hydrophiUc 

protein with a hydrophobe N^nnmus ^^ ^ ^ 

amino acid 'rT^ S^cU of HrpA from P. 
Figure 4. Although the £ fl ^ MghJy conserved. 

pv. Vf^STJ'Ji \{i identity to each other, HrpA 
?*, 2 qu£ divert, having only 42* 

from R P v " J f^" ^ to HrpA from /I *. pv. Jyrw«« 
parity "f »* ££2 WrStaf site and the highly con- 
The presence of a "bosorne a pathovars sup- 

.eryed character of HrpA jb ^ ™ £ po lymerase- 

ports the hypothec ^.^'^ribed below) provides 

S^-SKi^^TlU P-teL Cell 
further evidence for proaut : • ^ ^ 

,ysates of E. coli exprewmg Jj, ^ it docs not 
„, bacco Jdata not shown). j,^ in a* bacte- 

H^tunSS S^ow, no significant homoiogy «» 
„, y previously characterized proteins. 



T7 expr=5sion studies. corresponding to the 

To confirm the P^coon ° l Bgtn-P*& 
<wo sets of newly cloned Jf/,. £ tamato were 

fragments from «*■ PJ- ^ products specifically to- 
sobcloned into P^^^.^-^^ependent expression in 

£ co/i BI-21(DE3) SSohbeled proteins in the cell lysate 
(Scudieret^WO) clectrophorclis 

were analyzed by sua* P" 7 iv sales of ceils containing 
and autoradiography (Rg- ^' . c0rTCipO nded weU 

P CPP22U ¥^S^!*pmS5 U>.) and 
with^predtc^l^"^ of 
^ «ns«tent_w,th the pre y pCPP2210 

HrpZ*, (FiE- 5. lane 2). t-y» fi ^ } ^ H rpA 

contained bands con^ponJngwH^P^ J.^ m ^ 

(11 VD-KRf^ p^f. 3 ^ 3 jKe 2). but this could poten- 
^tefti thT^on of cystine, which is not 
• U }y - a Sd HrpZ synthesis, from the amu.o-ac.ds 

required for HrpAana »fPf-J expression of HrpB was 
added to the ^Z^totoP*^ V™** * * 
independently confirm* of'pHIRU and 
pv. tomato using a 0.8*-W " ff pb>P2209, subcloned 

^'SMfSt "e^-?5S. PCPP2303 and 
into UTMUS Z8 to BL2KPE3) celU was 

PCPP2304. T7 "P^T^ ~ Fl !^ 5 In each case a 
^W^M3 K^was^bSr^which corresponds 

Pro ,f^,h thT D rUct«^molecul^ weight of HrpB from each 
well with the prcaicicu . accompanying 

of the two P-JJ" JgjS t3S3 *e production of 
study Huang et *J w ' , £l c HroD and HrpE from P. * 
pro ,ein. £££n the .Se. pafcov-. 

PV - T.C ml "SvIS ORPs in P. *. pv. g /yci^u and P.s. 
suggest that ^= q " 1 ^ protcins . However when we inde- 

pv . ^ornm Action of HrpD from -P. s. pv. 

pendently confirmed die P ^ ^ pWRn 

S a fn» p?3 (PCPP2305) our resuits suggested the use 



f an alternative initiation codon to make a larger (21 kDa) 
HrpD protein (data not shown). In the absence of a strong ri- 
bosome binding site at either of the putative initiation codons, 
the exact size of HrpD remains uncertain. 

The four ORFs d wnstrcaro of hrpZ shcrw varying 
similarities to Ytrsvda Ysc proteins. 

The hrpd hrpD, and hrpE genes downstream of hrpZ in P. 
s pv. syringae 61 have been sequenced and the products 
identified using T7 polymerase-depcndertt expression (Huang 
et aL 1995). Two of the predicted proteins, HrpC and HrpE, 
were shown to be homologous to the proteins YscJ and YscU 
respectively, which are encoded in the virC operon of Yersinia 
enterocolitica and are involved in die type HI secretion path- 
way (Michiels et aL 1991). Homologs of YscJ have also been 
found in the hrp clusters of several other phytopathogeruc 
bacteria, including R tolanacearum ^ and * f^"*™ 
(Fenselau et aL 1992; Gough et el. 1992). AddiUowl ho- 
mologs are Salmonella typhimurium FliF and J^ b j^ 
frtdii ^NolT (Jones et al. 1989; Meinhardt et iL 1993). The 
same four downstream ORFs are found in P. J. pv. tomato. 
and the partial sequence of the operon from P. pv. jfy«n«a 
confirms the presence of the first two of these ORFs. hrpB 
and hrpC, in this pathovar (Hg. 6). 

HrpB is fairly conserved in all three pathovars, as shown by 
the alignment presented in Figure 6. It encodes a small senne- 
£n prltein of approximately 13 kDa. BLAST searches using 
HrpB from either P. pv. syringae or P. s. pv. glycine* iden- 
tified no significant homologies, but a search using HrpB 
from P. *. pv. tomato identified similarity to the Yersinia pro- 
tein YscI Yscl is 115 amino acids long, thus sUghtly shorter 
than" HrpB (127 amino acids), yscl lies immediately upstream 
of y«Jin the virC operon. which suggests that the down- 
stream ORFs of the hrpZ operon might be colinear with a re- 
gion of the v/rC operon. 





kD 

79.5 — 

45.0 — 

36.0 — 

26.9— 
18.0— 

7.7 — 



with rihmpicin St 300 Uf/ml te 30 » iT^inVbuftte. and the 
pn <ein> we« s^-fj^ S 7^,' b2i<DE3) «IU carried the fol- 
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^ncemcnt of this gro«P ° f hr P 
The apparent collnearan^g^ and P. *. P* 

Sir* HrpD protctns. ^Srty between the HrpD of P. * 
S pp. YscK p^n, J^Sii^ was 
pv. ^ringoe and K pseuc ffJ% simUt The HrpD 

28% f the amino acids « den " overaU composition, and 

they la* ^ ' ^re^lncy between the sizes of thetwo 
there » ^nino-acids long. *her«Y.£ 



M n codon of the HrpD ^S^^^C. 




proteins. HrpD « only ■ 133 long. From the * l JS*cL are lower than those ^'^"S^ 

from K ^SSS * impor-nt to notertutm «d ttgj* ^ ^ HrpE.nfscL are clear* «- 



Yscl*« KPM 

YsclYp « p H 

HrpBP»» " " 

HrpBP»g - " 

HrpBP«t - * 
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YsclYp C H S 
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HrpBPst X S 



YscTT€ 
YsclTF 
HrpBPss 
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47 
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E E 
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ess:: v v 5 '» £ "« i So* L ^ c ^ uJg1 ^ Js 
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HrpCP« 
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Y»cJ^P A S V J« 

asn|iai!!!WHH!HBBK 

HrpCPit PQKTTQ* 

yscjtJ k k * " cvlrkigfIgrsrstvpxra 

HrpCPit D W K A a j- ti c Pr#u<f D mo/uu J- 



M NlTTlEfG L\X TO IlSl 

a IlsJjplL3s tqsvoskkf 



sraL iu 

SLl I L L 
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Y»cJY« * * ctVPXRX- 

Fig. Alignment of the ^ ? , py. wmoio with Y»c!, YlCJ. i 

and HrpE fn>m « * P v : WJL (coniin utd on ntxi past) 

1991; Rimpilainen et al. » «- 
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. . .< hued on a difference be- 
dicaiive of probable hom lo^« ^ e f l0 0 

tween the scores for 5 tirnci me standard 

rand m Cap alignments being * (Doolittle l9 86). 

deviation for the m*j* * significance 

The scores for »7 D ™V*e varying levels of similarity are 
by this measure. However the varymg^ n H ptottiM 

consistent with the d ' vc ^ a and between Ysc pro- 

from different P. The results forHrpB.C and 

tcins from differed ^ ^ of to YscK and 

E lend support to the ^ coUnear with 

suggest that ArpZJ, anQ ^ 



In a recent report. Van Gijsegem et aL (1995) observe that 
d»e fi w/onaceamm C Ml 1000 hrp cluster also encodes hc- 
nwlogs of YscJ and YscL but not YscI and ^scK. It » possi- 
ble that with relatively divergent Hrp sequences, similarities 
with Ysc proteins may be found only after examining the se- 
ouences from several plant pathogens. It is interesting to note 
Lt there is no ORF following hrpE that is homologous £*e 
protein encoded by the final gene of the v«rC operon. YseM. 
However, the nrpZ operon lies immediately upst^n of the 
hrpH operon (Fig. 1), and HrpH is a h °™ l °?,° f , * se- 
cretion protein which lies upstream of yclJKL withm the 
7rC operon (Michieli et aL 1991). This suggests that a sig- 
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internal ***** 22*25* W studied. ra*« 
chramos mal in the ^ ^ genes of P. *>to«- 

man being P^"^ " c genes of to** «PP- 
«a„<m «Mf»«£ Sown). The homologies of the 

Gijsegem et * "^mniiiw* in Table 1. 
hfpZ operons are suromanzcu 



Ov«^on. PU nnc.tion,.ndb i olo g i< a l». y 

HrpZ*. elicitcd "J^S did not However «he acuv- 
f £ coli containing vector wo wa3 more am- 

ity of the cell lysaies ° n „ cell lysates from 

biguous. Soybean is Z sensitive and some- - 
Jher pathogen, while »n»to » qu of £ co „ 

tim « weakly re.ct.ve not on** cey of £. co <i conuun- 
prcssing HrpZ, but als^o wntrol ly ^ ^ ^ pfop . 
Lg vector alone. To patho vars. U was neces- 

erSe, of HrpZ from to -ceruun ^ the 

sar y to punfy HrpZ- I'w" ^ H(pZ ^ t * 

HR observed on tobacco w* one ^ ^ H rp A and 
^ products of «th«of ' ^ of HrpB were being 

^^"^u- to^ by the original HrpZ*. and 

^fefilp -wards rg^ZZZXt 

crease the level ^rwTc^^ ,rctChM ? ^ 
clones encoding fcrpZrt 144 bp ,„ j^Z*. 

encoding h^A and *e 3 en ^ pp2203) separated JupZ 
pCPP2202 and 809 bp « £ tj. A series of deledons 

from the toe promoter "fjj*. constructed using the 
f ,be 5' end of the hr %£™™ ri m Ae to: promoter 
Erase-a-Base ^^^StaL. codon. and removing 
within 100 bp of the hrp Z A dc i elcd clones re- 

fcr pA. Although cell ysajg ^^noTshow a substantial 
Uined HR eliciting acuvity. f „ elation for 

ss^»«— ^^^^ 



fact rs. The first possibiUcy was the pjjj- - ^ ■ 

SnvSrefSocated between hrpA and 

y-op mvaiw * AT-rich seauence downstream 

^fJE^^— SSiii « Possible *« 
which is cnaractensus ul J transcription termination. 
. lts presence ^^J^^c^Xy structure, can 
Similar repeats, alb«t w.lh weaker ^ f^,. 

be found «^ £ 5*3ta JZp*. may 

contributing specifically tc > *e tovr exp Finally. 

terious to the cells, and P^^^^ize expreaaton 
manls often showed re^angem^ J*> 

, u un der these conditions, we inuw»»->- 
of HrpZM unoer , . promoter of pET21*» 

containing the gene ^^J^JZe promoter, the T7 
^\^CV^» d^-en^. and expression 

« , ?s£^fS s - ^ 0,6 ptasmid 

ther punfied HrpZ 7 indicated in Figure 8. 

hydrophobic chromatography, whicfraa w p^ed, 

y Ud a 2S5 ^XSoel-fion from 

acuve HrpZ could then b^*"** 0 „scd to isolate 

excised gel slices. This procedure ~ s auo uwo 



1 




it *. pT.jy^"y g f, 

Y. gnUrocolitlCA 



wi* i. PV. ^ for ^ shorter of *c PO-^OR^n^ t0 cach other, 

a The dau presented 1 |75 ^ l7 6 amino aad5 long witn 

R j. pv. tomato woolo be respeeww; 
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rSSSS «5?-5-lS 

£nXpUnls that have responded hypcx^^cVy to « Hig 
preparation do not respond to subsequent .n^ou^of tte 
eHcitor The spurious necroses sometimes observed were to- . 

srsrs 2S»S 

by HrpZ in ton ?" ™ h " > ° infil&a6on of either sodium va- 

™T f these inhibitors of plan, metabolism comp^tely 
**.,,L ,Z HR elicited by HrpZ preparations from each of 
't^'Sree Si ^necrosis caused by the other 
factors mentioned. 

DISCUSSION 
We have used the P. s. pv. syringe 61 f« » tola* 

^ 0 DOOM »aracw««, has revealed the 

iS^ffiS optrot J relative variation among 

kD 1 2 



ORFs within the operon, the presence of g nes downstream 
ot'hrpZ that art co Untax with a block of genes involved with 
Yersinia virulence protein secreti n, and the presence in 
HrpZ** of a sequence related to a sequence in the PopAl 



kD 

95.5 — 

56.0 — " 
43:0 — 
36.0 — 
29.0 — " 



1 2 



B 



w HrpZ 



kD 

95.5 — 

55.0 — 
43.0 — 
38.0 — V-p 
29*0—" 

18.4 — 

12.4— : 




3*1 



18.4 — „ 

jjf «r 

FU. 8. Ovetxxprcssion and purification of HipZ,*. Cultures were grown 
io an OD«o of 0.6 and induced with I mM IFTG. HrpZr. was then ^ 
lially purified from the cell lysnte in a three-step process: fint. by b*su> 
ueatmeni at 100*C a. previously described, then by (M^™* 
ammonium sulphate at 30 to 45% saturanon.and foully by b.ndttg to a 
hydrophobic resin (phenyl^pharose) at 30% aiwnomum sulphate. A, 
CoomLiw stained SDS-polyacrylainide .get IL«a: X. £ coU 
BL2l(DE3KpET2U); 2. £. co/i BL2 1 (DE3XpCPP311 ». B, to- 
munoblo. of the samples shown in A, probedwith ^-Hro^^^od. 
ies and visualized with goat anti-rabbit anubody conjugated with alka- 
line phosphatase. 



kD 



1 2 3 4 5 6 



41.8 — fl fc? 

30.6 - H ^ ~ 
17..- ?i~ 

kD 12 3 4 5 6 



1* ^ *— HrpZp^ 



106— 
80.0— 



49.5—- 




18.5— . 

•V ■: • V * . : 
* u~<7m- in £. eoli DK5a Vlacfl. Cultures 



71.0 — 
30.6 — ■ 

Fl». 9. Purification of HrpZ„ fan. A^indu^ f«uJomo«i ^NT« 
p^molo. Cells we« grow« in Kinj-jbro* (KB). - J^WmZ* 

incubrted at room temperature overnight. Cells wens 
trifugation-and the supernatant beaMrealed at MkTC 
Kin Tin ihe supernatant were precipitated w,lh ^"^"^SataS 
the percent saturations indicated. Proteins were desalted. 
Suspended in 5 mM MES. a^^eo«^««b« (A-^ A. 
• Coomassie stained SDS-poly~rylam.de «eL ,^J^KS^LSl 
woed with Strataelean rerin (Slralngene); 2. h«.-W:»^ "P^^ 
extr*«d with Strataelean re*m (Stnuagene): 3. ^0 ^ »* 
sulphate fraetioni4. 20 to 30* amraoruum sulptatt. S. 
mo«i«m s-lphate; 6. 30 to 45* arnmonium '^^^^»aW 
the samples rtown in A. probed wiO. «,n-^^ ="»^^^^ at ' 
ized with goat anti-rabbit antibody conjugated w.th alkalae phosphatase- 

Veal. 8, Na 5. 1885 / 727 
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*. leave, of ^•45 S p« p ^io« elicited significant 
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The HrpZ P^^tSSSrf te d«e HrpZ prorin. 

Ac nvparisonoT J^^dton characterized ftom 
with each other and ^ proteiM rcp^ent a 

oth er bacteria "»*ca« ansaved among Jl *ynn- 

disdnct family of ***** ™ x ^ eMXS 0 f the three proteins 
,« pathovaxs.The arn.no Redness, but (withr 

Le sufficiently *™^^,£, HrpZ*). they show no 
the exception of a s ^"™. pIt)tems from other bactena. 
signiflC ant rclatedness » « ^ diveIg ent ORF in the 
Interestingly. hrpZ is ^ p pv . with 

hroZ opcrons of R *■ P v - ^T* ^ d identicaL Never- 
only 63* of the « indistinguishable in 

several biolo P «a and P^JJ^, and they are 

same effect on different : puui v ^ ^ nsm ^ 

heat S uble. glycne-nch. and devmc > ^ sharc ^ft 
T^lackoftyronneuafeaW" ™^ ^ £nvinia 

the P. soUmoceorum ^^^J" laled l0 aU ow the pro- 
^^^/^HO^S^s-Unicing of tyrosine 
"V* ra?n^occ5^n>nt cell wall, during defense re- 
' residues that may occ«» «* r 1q mn 

l-«^jJI^ i SlSpAl. « does the cog- 
HrpZ*. shows homology top £ homo logy between 

„ate nucleotide scqoence^^^The^gio Lwertion in 

HH>Z« and PfP^^^eS within HrpZ* . se- 
HrpZ^ The ^^^J",^ among the three HrpZ 
quences that are othcrw,« *rn»ar . common ancestry 

projeins "O^^^ge of P. soU^ecn^n 
with PopAL Because uie tempting to specu- 

overlaps with «^ of * '".Sar ,ignif.cance 10 patho- 
late that this region hass ome ^ 6 b^w, U not 

gen?s U Z W SS£SS^i 'm^Sproteins eav torn*,, 
obvious from ^ in active HrpZ*. is another indi- 

The presence of stnlct ure/function relaoon- 
cator of the apparent P l « J° J ^ inl . That significant 
ships in these glyone nch euaior P ^ 
changes to the strucu« when a fortuitous 
their activity was Piously d ^ 0 " a ^° w . tive derivative of 
*P*- done was acids, and the popA 

HrpZ missing * c ^^^ d ^Z a4ed ro culture to an active 
product was ^^^^o acids (He et aL 1993; 
form ^^S.XhVp^ of this "additionaT 

j2£ s^-Sakr * * sU8htty 

— »— l^rSfc the other HrpZ 
Hoover. HrpZ^ fPP*^ w ^ when overex- 

protein, tn b«r^ d cte«no» ^ ^ . f 
pressed and is possibly » since ^ glycin e-nch 

purify l^ C he ^^ b l: s difference between HrpZ*, and 
SrX U?p35l! J that it contributes to this phenomenon. 



. ^rrome this prob.crn cxpcritncntttly by 
We ^iS IS Xoter/polymerase system, but 
031 « ob fflSto Ae same level of expression we ach, ved 
^«S3w«. However, there remains the obvious 
^KnipZ^xicity is avoided by P. , pvjo^o. 
fC possibility woTld be that HrpZ is never expressed I at^ lev- 
da hiEh enough to affect the bacterium, even when it is in- 
duc^oin'ani Some indirect evidence for this hypothesis 
PrSed by our examination of the DMA uP^ m ° f ^^ 
TMORF has a weak ribosome binding siteTand we aboob- 

^rire expressed in £. coU (G. Preston. unpubhshedV A 
^^EaSKSto «at the location of the hrpZ gene m an 
^ ^* aSdorgenes ensures tight coupling of syn- 

and secretion pathway ^.^^^ D Sy. Sey^to 
with a few exceptions involving the rype I P****''^ » 
True wimin the same operon (Fath and toter J993). A 
aiJ ^ oossibilitv ii mat P. *. pv. romaw is more tolerant 01 

keVotag HrpZ in a nontoxic form vhile it is m the cell. 

Fu^cV^npaxison with the Yersinia virulence system pre- 

„ ^T^^eins which ^P ^P theVop P-^- a 
translocation competent form and help target it |™J^™ 
Sw« al. 1994). The genes encoding each ch^roneare 

wW. ^aperone function. There is a ««P«fi«»» ^ "nS 
bXeen ItpA and Yersinia chaperones such as Sy& They 
aTaUsrnS hydrophiUc. ^P 1 ^?.^^^ 

SSsence of its chaperone. so it may be 
quantitatively at secretion and accumulation ofHipZ»iu»» 
whXr muutions in hrpA or other hrp genes have an effect. 



1 



The colinear relationship between several 
et aL 1991). Of the four Yertinia genes with putauve no- 



ne / Molecular Plant-Microbe Interactions 



19-98 16:09 FR CISTI U^NT SERVICE 



7162631119 



P. 14/17 



«niv vie; and ysrL are known to 
mo log$ in the hrpZ •P^'^Snytof P*er show, that 
have a role in secretion cpcron. are 

co linear with the yscQ-u £ cu " 

(Huang et . fi ^ prop ortion of the type M secre- 

It appears that a be identified in P. sy 

tion P^^itw J£i increasing parallels between 
Hngae. and it seerns Utelyjn ^ ^ ^ secreted 
the two systems wiU be torn mc interaction with 

proteins are involved with and virulence 

the host, and "P*""™ ^^secretion pathway seems , 
proteins is ^'^"Z i b0 «h cases secret proteins 

u> function ,n a sinular way ^ posttr^nsU- 

lack an N-terminal signal pepuoe «. 

ti nally processed. 

HrpZ and host «P!^J' coropltib i e interactions is unclear. 

The function of HrpZ incornp Aflon- 
A likely role is *e please o^umen ts J ^ ^ 
,on and Baker ^^S^ffZcuOM (which oc- 
tinization of the a P°P l "'"^ lc inactions) results in the 
curs at a slower rate « /°7™„ tlients to support bacterial 
leakage of sucrose and dons regarding the ii 

growth. One of the key "f^™^ " ost spec iricity. Com- 

patible interactions tending £™&* clidixot activity would be 
absence of the HR. of HR-eU«tmg proteins 

ne way to reconcile the of host-specific «rn- 

by P. syringe and the fj« ' lo clici , the HR to 

paubility.The failure qmvxO. supports this 

tomato, a host of f-^^^L me isolated P. s. pv. sy- 
concept (Arlat et aL '^^f cTthe HR i» bean, ai- 
ring 61 HrpZ p TO «n JWU » ^ nished by the fact that 
.hough the significance °[ ^ ' S ^^ jins (Re et aL 1993). 
bean leaves appear insensitive £ any natj ^ ^ ^ ^ 
To further explore this question. JJ » for each of the 
proteins into the leaves of the ^ ^ 6l , and P. I. 
Jathovan. The host V»Z^£33l. « ™ fo "~* 



P^ovars. Tne 

pv. *«yc«ne«. ^f^^S and incompatible 
unreacdve to HrpZ „ * highly sensi- 

pathogens; however. tom^^v«P^ data argue against 
tive to all three HrpZ P^^ Th ^ Qf ^ proteias 
the hypothesis that host-^e™ pathovan. 
controls the host spcciRaty « 'dJJ^J^ why does P. s. 

If isolated Hn.^ e ^£ ^genesis? One pos- 
pv. tomato not elicit j£ „ HrpZ*. is qualit- 

libUlty is that ,^2J£o«£T»pZ~ and HrpZ^ oe- 
Uvely different d»an ^^-^ JJTology. That is. the 
spite manifettuon of^^ ^^^ &({eaBt than 
necrosis elicited by Hjjjn defenses that stop the 

the HR and does not ^^L^bUity ^th probes for 
pathogen. We are "^"^J^^ibil^ « ^ HrpZ.. 
HR-;P"^<™^S £ a^ost-sP^fic manner. However, 
production " re *^J £ ^ rBg ^ on : hrpZ expression is 
A^Z is clearly part™ ^ l ^ n J cacoding components of 
Z^o^l^^^^J^of these « 
me » crcU0 V^^v?viSallyT same hrp^r promoter 
jvrfngo* P^™JS£tf the hrpZ operon is UWy re- 
sequence, and ^P**" 0 "^ conscr ved promoter sequences 

!^S2!S52 «• * * *• pv **- 



and P. x. pv. «onu,« by the same nutrili nal ^ndW ns an4 
HrpR. HrpS. HrpL regulatory cascade described for K s. pv. 
„Hn««eTnd P. s. pv. phaseclicola (Grimm and Panopoulos 
?9W- Rahme et aL 1992; Xiao et aL 1992; Xiao et aL 1994; 
Sa^tehel 1994; Grimm et aL 1995). Whe«h« ^dif- 
ferential expression of the Hip rcguton controls host specific- 
w awaits LrrninatJon. A third possibiUty is that the P. sy- 
rLa, pathovars produce host-specific oppressors oJ.^«« 
lesDonscs This u supported by the observation that com- 
p^l^thTens donot trigger defense respond , « host 
pStts mat are elicited by nonpamogen. ^^f*^ 9 ^ 
ftis important to note that our data do not elimmate the 
pi oiS^aTthe three HrpZ proteins actually have dtffer- 
S activity in host plants when delivered by Uvmg bacteria 
IS mafthe HR observed may be an abnormal r«ponsere- 
!ufun» t rem the presentation of a high concentration of HrpZ 
• i " ^^daTraLer. In that regard, it U irtereiting that leg- 
u.n^^hiTh^p^nsensitive to iwtoted harpins. respond to 
hT«°«*uX coU cells that secrete the 

S^ThTd^-ore definirively the rote of HrpZ in 

determining host containing 
In conclusion, we have charactenzeo »« block 

rrat^p^^stico^^ 

t ^oreTponenUof the Hrp ^» 

to ^e plant parasitism in the face of plant defenses. 

MATERIALS AND METHODS 

Bacterial strains and plasmlda. ^ . . -u., 
Ba^ena and plasmids used to thus study are shown 
pSnoaads were routinely grown in King » B bro *^ 

?989)ofte^c^^(Tanor and^l98UP^^ 
mto bacteria by ^forrr^onjarnbrook et aL 
1989) or electroporation (Gene Pulscr. Bio-Rsd). 

MUL •Moneymaker'), ^^gjSSS or grow* 

'"^ 0y ^5.T25Tw^? P h^toperi^r 16 » 24 h. In- 
chamber a 23 to 25 c 1 oreoarations was per- 
filtration of plant leaves ^^^S^ « ^ 1988)/ 
formed with blunt syringes as described IMuang 

DMA analysis where specified, followed 

AU DNA » aM P u ' a 3^ e raL 198T. Sambrook et aL 
standard protocols (Ausuoel « »L su bcloned into 

1989). The hrpZ region of pHIK.il was 
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1995) Two/ttlfog™ 0 " 0 ^ 
and 2.4 kb from pCPPKO* ■* ■jX . • b m orientation*. A 
Sd ned into covering both ^ 

series of overlapping nes"^ 0 , ones ^ing Brase^Bate 
waS generated or each. of* wcre fenced horn 

(Piomcgm, Madison. SequenM e version 2A flM- 

double-Stranded templates usvn« ^ ^ reverse N113 

Biochemical*, CI*-** ^OW-o^ using specific pn»« 
primers. Sequencing , was ^ (CoraWdleOU. 
Synthesized by Integra^ I WJ w fragmenB, wtaA 

ln addition, the 3.7 and3-6 w ^p m0l and pCPPZ"^ 
overlap the ft* s ^°^ B SripTn SK(-) and sequencrf 
W ere also »**njd "«oj£ B " * Ae Cornell Biotech- 

using the ABI ^^Sn «»W "*» «P«« e P ™£ 
nology ^"^^TSSeoie and derived armno^d 
e« syn*«nzed ^ ^T- N Genetics Computer Group 

sequences were ™ Package (Devereaux et aL 1984), 

s£« r Analyse ^Software da*bases were 

PC R«npli B c.Uo»or^Zfn>mi ! ..P^^- 
,ndjR*. pv. tomato- -K^a and « *• P* t0maSo 1 



Teddingior, U.t) using these cycte 
■1 «» qat followed by 30 cycles of 1 nun at 94 z, iron 
3 *n «^?C, y followed by . final incubation of 7 

tiV S;°I;tTS^r^F^ wa, success*^ 

from pCPP2203 was successfully ampUJifO U5in» 
buffer B (reaction co^en^on 60^ ^HCl 
(NH^O. 2 -M M^ PH ^^ttan agarose 

and then trarisformed into £ c»U. ^ conuining 
plasmid pCPP2235 carrying hrpZ^ Fiasrruw 



Tftb U 1. Bact eri d stains 
Designation 

Escherichia eoU 
DHSa 

DH5a VlacP 

BL3t(DE3) 
Pstudomonax syringaM 

pv.ramawTXSOOO 

Pl,«mids 
pBlucscnpt 11 SW 
P UCP19 
pLTllM 
P T7-o 

Litmus m 

pHXRtl 

pSYHIO 

pCFP2303 

pCPP2305 

pCPP2200 

pCPP2202 

pCPP2204 
pCPP2206 
pCPP120S 

pcpmio 

pCPP2255 
pCPP2201 
pCPP2203 

pOPF2203 
pCPP2207 
pCPP2209 
pCPP2304 
pCPP22H 
> Amp's ampicilUni 



an d plasmids used in this study 
x>,i^rant cfaTacUristto* 



F ompT n*ffl,<r.-nV> dem goi DE3 

Wild type 
Wild type 
Wild type Rr/ 

donlng vector, Ainj/ 
. P UC19 derivative, Au»/ 

T7 transcription vector. Anjr A . 

T7 transcription -YecWT; A«T • 

h^Z,„ ORF ta pB ,oe * crl «y , _ Bln - II comuuni *»j»fl. in LITMUS 3S 
Ai PCPP2202 but with *»pZr, Ui °™~cpp2202 in pET21(+) 

3.7-kb 5acl-£coR subclone from ^^209 in UTMUS 28 

3 7-lcb W-£roRl subclone from F^^^ 1 . pETHW 

Wb fl> m.^rl hrpZ,* m *^— PCPP2203 in p . 



Refermce or goarce^ 

Hanahmn 1983; Ufe Technolo- 
gic, inc. Grand Island. NY 
Life Technologies Inc. 

Novmgen 

, Baker «roL 19«7 

C. 1. Boker 

D. E.CuppeU 

Strat&gene 
Schweizer 1991 
Novagen 

Tabor and Richardson 1988 
New England Biolabs 
Huang el aL 1988 
He «f of- 1993 
This study 
This study 
This study 
This study 



Thisstody 
This study 
This study 
This study 
This srody 
This study 
Thisstody 

This study 
This' study 
This study 
Thisstody 
This study 
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. wcre found to be unstable and ap- 

pCR-amplified hrpZ*» were 
peared to promote cell lysis. 

HrpZ purification „ iously described (He 

HrpZ was purified _fiom ^^n^. Cells were 
et al. 1993) with the f °»°^ hoUno) ethanesulfonic add 
lysed in either 5 ^^"JS^o mM Tris-HCl. 1 mM 
(MES). P« 3A or ejn*j£ Jg**, somc experiments** 

supemaiairt from heat-creaBo 7 prec i p iution (25 to 

teTsonicauon b y JJJK ^centradon being per- 
45% saturation), with d " a1 ^* ft experiments 

formed with Centncon-10 tubes (Airuco^. v~ ^ 

requiring highly P^^JKSLd by binding 
BL2KDE3), the supernat^t was P ammonium 

to phenyl-sepharose (Sigma) n J* £«£« pH 
wi ;hate(>30*s. = n)^^ - 
5.5, f Uowed by dectrophores "J ^n was then eluted from 
acrylamide geL ^^"^^"^u (Schleicher 4 
excised gel slices using ; an Elutra p app ^ , e ^. 

SchuelD or from ^f^^Sns were determined using 
tor (Amicon). Protein """^^^aTalso urifi ed from 
Bio-Rad protein assay » ,tt ^/^« gX„ in fcrp- 
heat-treated sup^rnatariu ot .*y s a|nmonium sulphate 

inducing ^i^^* saturation) and desalting/con- 
precipiution jo 45* ' infiltration into plant 

centrauon using Cenaicor iiu s degrees with 

^KffS ^e^noSSinal sequence an.ly.es 

a^Ss^An,^ Facility (HrpZ^. 

Proteins encoded by the expression system 
cott BL21(DE3) by using the P™ ( £^{^ Wog .tao. 

topyranoside (IPlO) u» ^ m L-["S]methiorune 

dependent «— and MJ-bj ^ ^ la _ 

were as desenbed oy centrifugarion and then rcsus- 

Wed, cells ^gSSL ^d the protein, re- 

oriedand exposed to Kodak X-ray film. 

Nucleotide sequence »«e^on number^ 

^ .^SS^^ion L41861 (P. 

deposited in GenBai* unocr ^ 

syringae hrpB}* 
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